Purpose. Asymmetrical gait pattern usually occurs in patients with stroke. It contributes to excessive energy expenditure during movement and leads to injury and risk of fall. More symmetry, therefore, is set as a goal of gait restoration. The aim of the study was to explore the immediate effect of Kinesio Tape (KT) on gait symmetry and to investigate the correlation of motor function and gait symmetry. Methods. Ten patients with stroke and foot drop were objectively examined for temporo-spatial and kinematic variables with a 3D motion analysis system. Assessments were performed before and immediately after taping. KT was applied with the inhibition technique for the ankle plantar flexor muscle and with the functional correction technique for the ankle dorsiflexion and eversion. symmetry indices (sI) of the temporo-spatial and kinematic variables were calculated to present gait symmetry between the affected and unaffected sides. correlations between motor function established with the Fugl-Meyer assessment for lower extremity (FMA-LE) with sI of the temporo-spatial and kinematic variables before and after taping were investigated. Results. Improvements of step length and step time symmetry were found after taping. In addition, more symmetry of the single support time, hip extension, knee flexion, and ankle plantar flexion angles was observed, but the difference was not significant. A significant correlation of FMA-LE was reported with sI of step length but not of the other variables. Conclusions. KT positively affected gait symmetry in patients with stroke suffering from foot drop.
Introduction stroke is a cerebrovascular disease caused by ischemic or haemorrhagic conditions. It leads to loss of bodily function that is controlled by the brain [1] . An epidemiology study of stroke in Thailand of 2014 showed a prevalence of 1.88% among adults aged 45 years or more, and the mean age of onset was 65 years [2] . It is one of the major health burdens worldwide and often results in daily living activities dependency [3] .
several changes are usually present in patients with stroke, involving alterations of muscle tone, muscle length, sensation, and balance [4] . Abnormal gait pattern is among the most common issues after stroke [5] . More than 70% of patients with stroke have problems at the ankle joint that lead to excessive ankle plantar flexion, lack of ankle dorsiflexion, or foot stuck in the supination position [6] . Most patients with stroke present gait deviations with altered temporo-spatial and kinematic variables. Temporo-spatial deviations are characterized by a decrease in the affected step length, stride length, single support time, gait speed, cadence, and short step time of the unaffected leg, while the double support time is increased [7] . Kinematic deviations are associated with a reduction of the affected hip, knee, ankle angles amplitude in the sagittal plane. It is generally accepted that the speed and distance of walking are important for the clinical endpoints in pathologic conditions [8, 9] . However, the different changes that occur on the affected and unaffected sides produce an asymmetrical gait pattern in patients with stroke. This asymmetry results in walking difficulty, increase in energy expenditure, and risk of falls [10, 11] .
Various therapeutic interventions such as assistive devices, electromechanical-assisted or physical therapy techniques have been created to improve gait performance in patients with stroke [8, [12] [13] [14] . The major functions of Kinesio Tape (KT) based on Kase theory include pain reduction, removing congestion of lymphatic fluid or blood under the skin, weak muscles support, and joint malalignment correction [15] . KT advantages over the rigid tape are unrestricted joint range of motion and the possibility to attach for several days on the skin. It can be applied as an alternative intervention method for neurological conditions such as stroke, spinal cord injury, and Parkinson's disease [16] . KT techniques may be used to either inhibit or facilitate muscles and also to stimulate proprioceptive sense and increase sensory feedback via pressure or stretch [17] . With several methods of application, KT can serve to improve gait performance through facilitating the walking technique [18] . In 2012, Kim et al. studied the effect of KT on static and dynamic balances and gait velocity in patients with stroke [19] . They applied KT accompanied by therapeutic exercise to facilitate tibialis anterior, inhibit gastrocnemius muscles, and stabilize the ankle joint. The results showed a significant improvement in balance and gait. A study performed by Kim et al. in 2014 [20] investigated change in gait velocity, straight line walking test, and balance when KT was applied to facilitate upper and lower extremities of the affected side in patients with stroke. A positive effect of KT on the improvement of typical asymmetrical gait was reported. However, the authors suggested that a valid tool should be used to evaluate gait symmetry more explicitly.
Motor function is an important factor contributing to the quality of movement. It was usually described with multi-dimensional perspectives following the International classification of Functioning. one of the popular assessment tools is the Fugl-Meyer assessment scale, constructed by Fugl-Meyer et al. in 1975 [21] . It is a standardized test for post-stroke recovery based on the sensorimotor function. The test is divided into parts referring to upper and lower extremity functions, with the full scores of 66 and 34, respectively. The relationship between the lower extremity function and gait parameters in patients with stroke has been determined in previous studies [22, 23] . The findings showed different results among the studies owing to different factors such as population, data collection process, outcome measures, and the tools applied. Among various gait parameters, gait speed is usually found to report gait performance and used as a treatment goal [8, 24, 25] . However, there may be limitations involving the quality of movement or compensatory movement, often expressed as gait asymmetry in patients with stroke. It can be observed that previous studies investigated gait symmetry and tried to find a method to measure it for clinical application [10, [26] [27] [28] .
As mentioned above, the application of KT has demonstrated a beneficial impact on gait speed, step length, step time, and balance in patients with stroke. However, information about gait symmetry after KT use is limited. because gait symmetry is used as an indicator of performance and relates to the risk of fall in the population being described, the purpose of this study was, firstly, to investigate the immediate effect of KT on gait symmetry in patients with stroke and, secondly, to examine the correlation of motor function and gait symmetry before and after taping. We hypothesized that more symmetrical gait can be obtained after KT application. In addition, we expected to observe a correlation between motor function and gait symmetry in patients with stroke.
Material and methods

study design
We performed a study with a single group, pretestposttest design.
Participants
Ten patients with stroke were recruited from the Physical Therapy center, Faculty of Physical Therapy, Mahidol University. The inclusion criteria were age of 20-80 years; first stroke with onset between 1 month to 2 years; present observable gait problems such as insufficient ankle dorsiflexion, toe drag, abnormal foot supination during the swing or stance phases of gait; mild spasticity of the ankle plantar flexors and invertors assessed by the Modified Ashworth scale (MAs; score 2); ability to walk at least 10 meters with or without using a cane; understanding of instructions and ability to follow the research protocols; no cognitive impairment as evaluated by the Thai Mental state Examination (TMsE; score > 23); normal or partial impairment of proprioceptive sensation at the ankle joint; and exteroceptive sense in the foot and leg areas. Participants were excluded if they had visual deficits, ankle joint contracture, opened wound at the shank, calf, or foot, or presented other neurological conditions. screening for the above-mentioned criteria, recording of sex, affected side, age, and onset, as well as physical examination including the Fugl-Meyer assessment for lower extremity (FMA-LE) and MAs for the hip adductor, hip extensor, knee extensor, ankle plantar flexor, and ankle invertor muscles were performed before data collection.
Data collection protocol
Walking data were collected twice, before and immediately after KT application, with the use of 10 cameras of the Vicon TM Motion Analysis system (T20 series). Prior to data collection, the system and participant calibrations were performed. A total of 16 retro-reflective markers were attached to the participant's body following the lower body plug-in-gait model by an experienced investigator.
The subjects walked barefoot along an 8-meter walkway. They were asked to walk through the capture area at their own comfortable speed for 3 trials. All walking data were recorded with a frequency of 100 Hz. A physical therapist walked beside the participants to prevent falling or any other hazardous situations. KT of 5 cm dimension was used in the study; it was applied with the inhibition technique on gastrocnemius muscle and with the functional correction technique for ankle dorsiflexion and eversion by a certified KT practitioner ( Figure 1 ). The inhibition technique was used with the tension of 15-25% of the available tension of the tape and direction from the distal to proximal parts. The functional correction or spring assist technique was applied with the tension of 50-75% and direction from the distal to proximal parts [29] . After the taping was finished, the participants were asked about the feeling of taping to ensure proper application. As we wanted to exclude the factors of training or motor learning, as well as to allow KT to stimulate the sensory system, gait was captured 15 minutes after taping was finished. During this time, the subjects were asked to wait in a sitting position and listen to the details of gait assessment.
Data processing and deduction
Gait data were collected in the middle part of the walkway, and gait events were identified in accordance with the foot markers. Data were filtered with the 4 th order low pass butterworth technique, with the cut-off frequency of 6 Hz. The temporo-spatial and kinematic variables were processed by using the Nexus software. The averaged data from 3 walking trials be-fore and immediately after KT application were used in the further analyses.
outcome variables
Gait symmetry was determined as temporo-spatial and kinematic variables. The former included step length (m), step time (s), single support time (% of gait cycle), the latter -peak hip flexion (degree), peak hip extension (degree), peak knee flexion (degree), 1 st peak ankle dorsiflexion (degree) at initial contact, 2 nd peak ankle dorsiflexion (degree) at the terminal stance, and peak ankle plantar flexion (degree) angles. symmetry index (sI) (%) was used to calculate gait symmetry with the following equation:
where V represents the temporo-spatial or kinematic variables.
The sI value of 0% indicates perfect symmetry, while sI 100% implies asymmetry [30] .
Data analysis
The data were computed by using the sPss program with the statistical significance level set at p < 0.05. The Kolmogorov-smirnov goodness of fit test served to assess the distribution of the data. because the data showed non-normal distribution, non-parametric statistics was applied. For descriptive data, medians and interquartile ranges were presented.
Inhibition technique for the gastrocnemius muscle The Wilcoxon signed rank test allowed to compare the data obtained before and immediately after KT application, as well as data for the affected and unaffected sides before and immediately after KT application.
In addition, correlations of the FMA-LE with the sI of the temporo-spatial (single support time, step time, and step length) and the kinematic (hip flexion, hip extension, knee flexion, 1 st peak ankle dorsiflexion, 2 nd peak ankle dorsiflexion, and ankle plantar flexion) variables before and after taping were analysed by using the spearman correlation statistics. As sI data may present with positive or negative values depending on the side (affected or unaffected showed greater value), the absolute values of sI were used in this analysis to avoid misinterpretation of the binary correlation direction.
Ethical approval
The research related to human use has complied with all the relevant national regulations and institutional policies, has followed the tenets of the Declaration of Helsinki, and has been approved by the authors' institutional ethical committee (MU-cIrb 2017/010. 1701).
Informed consent
Informed consent has been obtained from all individuals included in this study.
Results
characteristics of the participants
Demographic data are presented in Table 1 . Ten patients with stroke (7 males and 3 females) participated in the study. of this number, 9 subjects were ischemic and had the left side affected and 1 was haemorrhagic and had the right side affected. The average age, weight, height, and stroke onset time prior to the study were 58.60 ± 14.37 years, 59.79 ± 10.69 kg, 165.25 ± 6.76 cm, and 9.80 ± 5.37 months, respectively. The average TMsE and FMA-LE scores equalled 29.10 ± 1.10 and 28.50 ± 4.08. The MAs scores ranged 0-1 for the hip adductor, hip extensor, knee extensor, and ankle invertor muscles, and 0-2 for the ankle plantar flexor. The exteroceptive sensations were tested on light touch, pain, and proprioception. only 1 individual had impaired light touch and pain in the foot area; the remaining subjects had intact sensation.
comparison of the temporo-spatial and kinematic variables between the affected and unaffected sides before and immediately after KT application Table 2 presents the comparison of the temporospatial and kinematic variables between the affected and unaffected sides before and immediately after KT application. At baseline, significant differences of the single support time (p = 0.005), step time (p = 0.021), and angles of knee flexion (p = 0.015) and ankle plantar flexion (p = 0.002) were found. The other temporo-spatial and kinematic variables did not differ. This reflected the asymmetrical gait pattern of patients with stroke in the temporal parameters as well as the angles of the knee and ankle. Immediately after KT application, significant differences of the single support time (p = 0.005), step time (p = 0.041), and angles of hip extension (p = 0.037), knee flexion (p = 0.009), and ankle plantar flexion (p = 0.009) were observed. comparison of sI of temporo-spatial and kinematic variables before and immediately after KT application Table 3 presents the comparison of sI of temporospatial and kinematic variables before and immediately after KT application. There were significant dif- ferences in the step time (p = 0.022) and step length (p = 0.037) before and immediately after KT application. The other temporo-spatial and kinematic variables did not differ.
correlations of FMA-LE with sI of temporo-spatial and kinematic variables As shown in Figure 2 , a significant correlation of FMA-LE and sI of step length was found, with mod-erate negative relationship immediately after KT taping (r s = -0.69, p = 0.026). The tendency of this relationship was observed but not significant before taping (r s = -0.63, p = 0.05). The other sIs of temporo-spatial and kinematic variables showed no correlations with FMA-LE (p > 0.05).
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Discussion
Effect of Kinesio Tape on the temporo-spatial and kinematic variables and their symmetry indices
For the comparisons of temporo-spatial and kinematic data between affected and unaffected sides, there was no change in accordance with our expectation with the increased and decreased values for the unaffected and the affected sides, respectively. The values for the 2 sides should become similar to present a greater symmetry after the intervention. However, improvement was observed in some parameters, such as the increased single support time, step length, walking speed, stride length, and angles of knee flexion and 1 st peak ankle dorsiflexion of the affected leg.
After stroke, patients usually learn to use the remaining body parts to perform the functions and exhibit compensatory movements at the unaffected side. It may be difficult to restore normal gait patterns over a short period. The increased angles were found in the knee flexion and 1 st ankle dorsiflexion in this study. This may be due to the tape that we applied in the ankle and lower leg areas. As for the several mechanical stimuli to the visual, vestibular, and somatosensory systems, a previous study found that stimuli at the vestibular and/or the ankle proprioceptors showed greater contributions to leg muscle activities in persons with neuropathy than in those without neuropathy [31] . so, stimulating the sensation through the skin by taping may assist patients to better recognize and control the movement [17] . With the aims of reducing spasticity in the ankle plantar flexors and stimulating the dorsiflexors action, taping techniques used in this study were the inhibition technique for the ankle plan-tar flexor muscle and the functional correction technique for the ankle dorsiflexion and eversion.
It is well accepted that vision and vestibular sensation are the main factors that influence the control of movement and maintaining postural balance in both young adults and neurological patients [9, 32, 33] . However, by using the anticipatory and reactive controls, healthy young adults are able to adjust themselves to the external perturbation or certain sensory deprivation [32] . Good quality of movement requires the central nervous system and brain to select information from the several sensory inputs, anticipate, and generate proper muscular action to appropriately respond to the different types of tasks [34] . In post-stroke patients, the lesion occurring in the brain leads to the deprivation of motor control and perceptual functions. The reduction of these functions depends on the type, area, and size of the lesion. Most patients participating in this study were ischemic and had intact sensations. Taping with the aforementioned techniques aimed to relieve the spasticity of ankle plantar flexor muscles. With reference to the feasibility of KT on spasticity reduction, controversial findings were reported in previous studies. This may relate with the taping techniques used and the degree of spasticity. For our study, the degree of spasticity measured by MAs was set at 2 in the inclusion criteria. This may enhance the ability to observe the effect of taping on gait performance. However, a recent review paper on 14 randomized control trials indicated that KT significantly improved lower extremity spasticity in patients with stroke [35] . The improvement of the 1 st ankle dorsiflexion angle in this study possibly came from the correction of the ankle dorsiflexor and evertor muscle. In addition, the improvement of knee flexion angle during the swing phase may have been influ- enced by a good adaptation over the early stance phase and the reduction of calf spasticity. The improvement of sI of step time and step length after taping in the present study was consistent with a paper by Park and Lee [36] . They studied the immediate effect of KT application on left and right deviations during walking in patients with stroke. The results showed that KT could reduce walking deviation or increase gait symmetry. The enhancement of gait symmetry after KT application may be due to several factors. Firstly, KT stretched the skin continuously and mechanoreceptors were stimulated, which increased the amount of sensory information for the central nervous system. Hence, the ability to control movement was improved. secondly, the techniques used in this study involved the correction for ankle eversion and dorsiflexion, which may have provided a cutaneous signal that corrected the ankle joint position and thus restored the joint range of motion and function. Finally, taping may help to support muscle function of tibialis anterior, resulting in a reduction of energy expenditure during the swing phase of gait. The findings were consistent with the participants' feeling, tested with an interview. The subjects reported less effort to dorsiflex the ankle during the swing phase. More explanations may be provided by a study by rojhanishirazi et al. of 2015 [37] ; they reported that KT application to the affected ankle dorsiflexors and evertors could correct equinovarus deformity and then improve postural balance variables. In addition, a recent study by Park performed in 2017 [38] found immediate improvement of cadence, speed, and affected stride length after applying a combination of proprioceptive neuromuscular facilitation (PNF) with elastic taping on quadriceps and tibialis anterior muscles in patients with stroke. However, there was no significant change of gait variables in either group that applied taping or PNF alone.
Even though no significant differences in sIs for other variables were shown, the symmetry of single support time, hip extension, knee flexion, and ankle plantar flexion tended to be improved after KT application. The sI values of some variables such as knee flexion, 1 st peak ankle dorsiflexion, 2 nd peak ankle dorsiflexion, and ankle plantar flexion presented values out of a ± 100 range in this study. This may be caused by the fact that some patients demonstrated non-normal range of motion in a specific joint. so, the translation of the findings should be careful [39] . In previous studies, an improvement was observed of joint range of motion after KT combined with exercises implemented for at least 4 weeks [13, 17, 40] . Thus, appli-cation duration and combination with different types of exercise should be concerned in future studies to enhance and maintain gait performance in patients with stroke. correlations between lower extremity motor function and sIs of temporo-spatial and kinematic variables our second objective was to investigate the correlation of left extremity motor function and sIs of temporo-spatial and kinematic variables. We found a significant correlation of FMA-LE with the sI of step length only, whereas the other variables showed no correlation. Moderate correlation was observed immediately after KT taping (r s = -0.69, p = 0.026). This implies that the better the lower extremity motor function, the better step length symmetry was presented in patients with stroke. Given the items that constitute elements in the Fugl-Meyer assessment, we can presume that motor deficits of the affected side drive the changes of gait bilaterally. similar findings were reported by chow and stokic in 2019 [28] : there were significant correlations of FMA-LE and sI of step length (r = -0.40, p = 0.009). This study also revealed correlations of FMA-LE and sI of stance time (r = 0.56, p < 0.001), single support time (r = 0.64, p < 0.001), and step cadence (r = 0.45, p < 0.001); however, we did not find any correlations among the remaining variables.
study limitations
The limitations of the study included, firstly, a small number of participants. secondly, a long-term followup for the effect of implementing KT is needed. Finally, a randomized controlled trial should be used to determine the effects of the intervention. besides, the interpretation of the results and generalizability may be considered in the context of the population characteristics, such as the wide ranges of age and onset.
Conclusions
The benefits of KT application with the functional correction technique for ankle dorsiflexion and eversion and with the inhibition technique for gastrocnemius muscle were found for improving step length and step time symmetry. Therapists may apply KT as the alternative intervention technique to enhance gait performance in patients with stroke. The study may be limited by lack of a control group and by the small
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